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Additive Manufacturing/3-D Printing     
(Schematic) 
Successive layers of material are formed under computer 
control to create an object
3D Printers used for Research
• Afinia H480 3D Printer
• Flashforge Creator Pro 3D Printer
• Form 1+ 3D Printer
Filabot Extruder
• Uses pellets/powders to create 
filament for FDM 3D printing
• Materials extruded include 
PLA, MDPE, and HIP
Fused Deposition Modeling (FDM) Based 
Additive Manufacturing/3-D Printing  
MakerBot Replicator 2X
Orion Delta 3D 
Printer
Industrial scale FDM 
systems (Stratasys)
Process Schematic
“RepRap is humanity's first general-
purpose self-replicating manufacturing 
machine”. www.reprap.org
RepRap
Objective
To Compare the tribological properties of composite 
ABS and PLA materials to the pure ABS and PLA:
• Microstructure-Properties-Performance
• Tribological Performance
• Wear Rates
• Friction Coefficients
• Effect of Print Layer Heights
ABS and PLA
ABS (Acrylonitrile Butadiene Styrene) Polylactic Acid (PLA)
• PLA Benefits:
 Environmentally friendly
 Does not release toxic fumes/safe for people
• ABS Benefits
 Have impact resistance and toughness
 Resistant to aqueous acids, alkalis etc.
Following Materials were Studied
• Color Fab, bronze fill metal, PLA • Color Fab, copper fill metal, PLA 
• GMASS, Tungsten, ABS • GMASS, Bismuth, ABS
• Proto Pasta, Magnetic iron, PLA • Proto Pasta, Stainless Steel, PLA
• 3DXTech, premium red, ABS • 3DXTech, black, ABS
• 3DXNano ESD (CNT) black, ABS • Carbon Fiber 5 wt%, ABS
Types of Composites
Background
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Measurement of Friction Coefficient (μ) and 
Wear Rate (WR)
FN
FR
• Tab on disc method
• Sample shape : 4 mm x 4 mm x 
(1.5-1.7) mm (MAX phases)
• Dynamic partner : Alumina
• Load: 5 N 
• Rotation speed: 31 cm/s 
• Temperature: RT Tested in ambient 
air 
CSM TRIBOMETER
PLA and PLA Composites
Mechanical Behavior of PLA and PLA 
Composites
Mechanical Behavior of PLA and PLA 
Composites
Friction Coefficient of PLA and PLA 
Composite Materials
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Wear Track Analysis
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Summary and Conclusions
• This study shows that the tribological behavior of PLA and ABS are 
dependent on layer thickness and particulate additives.
• PLA showed the lowest WR and µ as compared to the composites 
when the layer thickness was 0.1 mm
• As the layer thickness was gradually increased, the WR of the 
composites decreased as compared to PLA samples, and µ 
remained similar for all the samples.
• Similarly, ABS also showed the lowest WR and µ as compared to 
the composites when the layer thickness was 0.1 mm.
• As the layer thickness was gradually increased, the WR of the 
composites were similar to ABS samples, and µ of ABS and ABS-Bi 
became similar.
• Interestingly, CNT-ABS showed higher µ as compared to the ABS 
and Bi-ABS composites.
• Preliminary studies showed that the wear mechanisms are driven by 
the formation of tribofilms. More fundamental studies are needed to 
understand the intricate mechanism for the formation of tribofilms.
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